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SORS 

(57) Abstract 



The present invention provides an inexpensive and sensitive device 
and method for detecting and quantifying analytes present in a medium. 
The device comprises a metalized fihn upon which is printed a specific, 
^-redeteiTiiined pati^m of an aiidbody-blndlng protein. Upon attachment of 
a target analyte to select areas of the plastic fihn upon which the protein 
is printed, dif^tion of transmitted and/or reflected light occurs via the 
physical dimensions and defined, precise placement of the analyte. A 
diffraction image is produced which can be easily seen with die eye or, 
optionally, with a sensing device. 
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PATTERNED DEPOSITION OF ANTIBODY BINDING PROTEINS FOR 
OPTICAL DIFFRACTION-BASED BIOSENSORS 

TECHNICAL FIELD 

The present invention is generally in the field of detecting analytes in a 
medium and, more particularly, the present invention relates to micro-contact 
printing of antibody-binding proteins onto a substrate for the development of 
single use, disposable sensors to indicate the presence of the analyte in a 
medium. 

BACKGROUND OF THE INVENTION 

There are many systems and devices available for detecting a wide 
variety of analytes in various media. Most of these systems and devices are 
relatively expensive and require a trained technician to perform the test. 
There are many cases where it would be advantageous to be able to rapidly 
and inexpensively determine if an analyte were present. What is needed is a " 
biosensor system that is easy and inexpensive to manufacture and is capable 
of reliable and sensitive detection of analytes, including smaller analytes. 
Additionally, what is needed is an easy flexible method of preparation of the 
biosensors which would permit optimum scale-up processing. 

Sandstrom et al., 24 Applied Optics 472, 1985, describe use of an 
optical substrate of silicon with a layer of silicon monoxide and a layer of 
silicon formed as dielectric films. They indicate that a change in film 
thickness changes the properties of the optical substrate to produce different 
colors related to the thickness of the film. The thickness of the film is related 
to the color observed and a film provided on top of an optical substrate may 
produce a visible color change. The authors indicate that a mathematical 
model can be used to quantitate the color change, and that "[c]alculations 
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perfonned using the computer nuxlel show that very little can be .ained in 

.tC ^ '"™'"' " -S» 

available. . «"iu iwo aesigns are now commercially 

However, the device descdbed by Kuinar et al' h». 
.i-dvantages. One disadvantage is that I exTvilil^de^r^ 
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needed to view any diffraction pattern. By requiring a visualization device, 
the Kumar at al. device does not allow a large number of samples to be tested 
since it is not possible to determine the presence of an analyte by using the 
unaided eye. 

U.S. Patent No. 5,482,830 to Bogart, et al., describes a device that 
includes a substrate which has an optically active surface exhibiting a first 
color in response to light impinging thereon. This first color is defined as a 
spectral distribution of the emanating light. The substrate also exhibits a 
second color which is different from the first color (by having a combination 
of wavelengths of light which differ from that combination present in the first 
color, or having a different spectral distribution, or by having an intensity' of 
one or more of those wavelengths different from those present in the; first 
color). The second color is exhibited in response to the same light when the 
analyte is present on the surface. The change from one color to another can 
be measured either by use of an instrument, or by eye. Such sensitive 
detection is an advance over the devices described by Sandstrom and 
Nygren, supra, and allow use of the devices in commercially viable and 
competitive manner. 

However, the method and device described in the Bogart, et al. patent 
has several disadvantages. One disadvantage is the high cost of the device. 
Another problem with the device is the difficulty in controlling the various 
layers that are placed on the wafer so that one obtains a reliable reading. 
What is needed is a biosensor device that is easy and inexpensive to 
manufacture and is capable of reliable and sensitive detection of the analyte tp ^ 
be detected. : , . * • . : sM 

SUMMARY OF THE INVENTION 

The present invention provides an inexpensive and sensitive device and 
method for detecting analytes present in a medium. The device comprises a 
biosensing device having a substrate, preferably a metalized polymer film, 
upon which is printed a specific predetermined pattern of antibody-binding 
proteins such as Protein A or Protein G. Subsequent exposure to the 
antibody specific for the desired analyte results in patterned deposition of this 
antibody. Overall, this allows a modular production format such that large 
rolls of pattemed protein may be made for use with different analytes. Then 
as needed, the final product may be made by exposure to the necessary 
antibody. 
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Upon attachment of a target analyte, which is capable of scattering 
physical dimensions and defined nreZ i 

wiffv uciinea, precise placement of the analvtP a 

diffraction image is produced which can be easily seen ^th T 
optionally, with a sensing device ^ 

antibody^S;" T t ^^""^^ ^""^"^ 

antibodies. I^e rl^":^^^^^^ 

class- of ^analvte Hp JI,^- ^ ^ particular analyte or 

present system a„ di^I J ^Tu S pTf 

08/707.456 and 08/769 594 h„T f' ^pphcation Nos. 

^feience in^irTf f H^w^ ^ herein by 

below. to pTr^'Sl^,'?:*;:''^ "'^ ^iftly. as discussed 
self-as^^g ™t,body.b™dmg p^tein material as flns material is no, 

Pa«e„^ rnir ^S,-^^^^^ canse 
causing iffl o^bTthleveTtL "^"^ '^'"^ 

change in the heisht and/nr r^ft^ . ^ producing a substantial 

efflciU of ttr::^:Lt;;^^r;r;r 

In use, a targe, analyte attaches eiZ to thent^ 
which then attaches to the 

polymer fflm upon which the pS 1^2, °' 

ic proiem and antibody are printed. Then 
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diffraction of transmitted and/or reflected light occurs via the physical 
dimensions and defined, precise placement of the analyte. A diffraction image 
is produced which can be easily seen with the eye or, optionally, with a 
sensing device. 

Another option for use of this sensor involves the detection of analytes 
which are antibodies. The sensing device could comprise only the pattemed 
antibody-binding proteins, and then would be exposed to the medium plus 
diffraction enhancing particles which have an antibody specific to the 
antibody to be detected. The selection of the antibody on the particle is 
preferably made so that it does not bind non-specifically to the pattemed 
.antibody-binding protein, but instead binds only when the anslyte 
also bound. In this way, the diffraction enhancing elements would cause a 
substantial change in the height and/or refractive index if the analyte antibody 
is present, thereby causing a diffraction image to form. It is envisioned that 
the same format could be used with other immunoassay formats, such as 
lateral flow assays or microwell plates." 

In other words, the antibody-binding protein and antibody layers with 
the analyte bound thereto can produce optical diffraction patterns to indicate 
the presence of the analyte. The light can be in the visible spectrum, and be 
either reflected from the film, or transmitted through it, and the analyte can 
be any compound or particle reacting with the antibody-binding protein layer. 
The light can be a white light or monochromatic electromagnetic radiation in 
the visible region. The present invention also provides a flexible support for 
an an tibody-binding . protein layer^on gold or other suitable metal or .metal/ 
alloy. ^ ^ 

The present invention provides a low-cost, disposable biosensor which 
can be mass produced. It includes the use of surfaces pattemed with an 
antibody-binding protein. Typically, these proteins bind an antibody by its 
constant region (FJ so that the antibody's antigen-binding regions (Fab) are 

free for optimum binding activity. The preparation of the pattemed protein 
surfaces also allows maximum flexibility in the sensor production. The final 
step in production, capturing the desired antibody in the pattemed areas, may 
be done as needed for the desired analyte (i.e. at the time of manufacture). 

The biosensors of the present invention can be produced as a single 
test for detecting an analyte or it can be formatted as a multiple test device. 
The biosensors of the present invention can be used to detect contamination 
in garments, such as diapers, and to detect contamination by microorganisms. 
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The present mvenaon can also be used on contact lenses, eyeglasses 
window panes, phan^ceutical vials, solvent containe,., water boT- 
adhesive bandages, and the like to detect contamination ' 
beco~a^e„?,r '^^'^^'^ "^'"^ "ill 

BRIEF DESCRIPTION OF THE HGURES 

several'St^-ZLa^I ^'""'---^ --^S 

wrw^l^^^^-ror::-;^^^^^^^ 

DETAILED DESCRIPTION 

n,.,!, ?^ ^"^"^ ™P"^=d biosensing devices and 

methods for nsmg snch biosensing devices, for detecting and qtlS. ftf 
PJ^sence or amount of an analyte of intet^st within a nLium ^e aZ * 
fta. can be detected by the present invention include, bu, at, not St 
mtcrootgantsms such as bactetia, yeasts, inngi and ,:i.«ses. h c^ t,' 
^ devices, those of the present invendon aUow detection of^^y 
^ quanuaes of analyte in a medium in a ,^id assay lasting o^T^ 
^"ute^ In addtdon, no signaling or associated electroL co.^»^ Z 
requmsdmthebiosensingdevicesofthepresentinvention 
. . ^ "^^ntion comprises micm-con'ac; priaUw of anfhoHv 

tad,^ ptoteins onto a polymer fita, which may also have ^-m^Ll^^" 

physical dimensions and defined, precise pla^ment oft ^^e 



wo 00/36416 



PCT/US99/27727 



making it possible to detect any number of different analytes. In addition to 
producing a single diffraction image, patterns of analytes can be such as to 
allow for the development of a holographic sensing image and/or a change in 
visible color. Thus, the appearance of a hologram or a change in an existing 
hologram will indicate a positive response. The pattern made by the 
diffraction of the transmitted light can be any shape including, but not limited 
to, the transformation of a pattern from one pattern to another upon binding 
of the analyte to the receptive material. In particularly preferred 
embodiments, the diffraction pattern is discernible in less than one hour 
after contact of the analyte with the biosensing device of the present 

invention . . . . . , . . . , 

The diffraction grating which produces the diffraction of light upon 
interaction with the analyte preferably has a minimum periodicity of the 
wavelength and a refractive index different from that of the surrounding 
medium. Very small analytes, such as viruses or molecules, can be detected 
indirectly by using a larger particle that is specific for the small analyte. In 
one embodiment in which the small analyte can be detected comprises 
coating the particle, such as a latex bead, with a protein material that 
specifically binds to the analyte of interest. Particles that can be used in the 
present invention include, but are not limited to, glass, cellulose, synthetic 
polymers or plastics, latex, polystyrene, polycarbonate, proteins, bacterial or 
fungal cells and the like. The particles are preferably spherical in shape, but 
the structural and spatial configuration of the particles is not critical to the 
present invention.- For 'instance, the particles could be sH vers,. ellipsoids,^ 

4 ■ , ^ .41..- 

cubes, and the like. A desirable particle size ranges from a diameter of» 
approximately 0.2 /xm to 50.0 /xm, desirably between approximately 0.4 fim^ 
to 1 fim. The composition of the particle is not critical to the present 
invention. 

The antibody which is inmiobilized/pattemed on the surface will 
specifically bind to an epitope on the analyte that is different from the epitope 
used in the binding to the diffraction enhancing element. Thus, for detecting 
a medium with a small analyte, such as viral particles, the medium is first 
exposed to the diffraction enhancing elenient particles, such as latex particles, 
to which the viral particles bind. Then, the diffraction enhancing element 
particles are optionally washed and exposed to the polymer film with the 
antibody-binding protein layers containmg the viras specific antibodies. The 
antibodies then bind to the viral particles on the element particle thereby 
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immobilizing the element particles in the same pattern as the antibodies on 
the film Because the bound element particles will cause diffraction of the 
visible light a diffraction pattern is formed, indicating the presence of the viral 
particle in the hquid. Additionally, the polymer film may include a metal 
coaung thereon. The antibody-binding protein layer would then be located 
on the metalized surface of the film. 

Altematively, the analyte may be detected by fii^t exposing the 
substrate to the medium containing the analyte and causing the analyte to 
bmd to the antibody-binding protein layer material containing the analyte- 
speafic antibody. Next, a solution containing the diffraction enhancing 
element particles is contacted with the substrate having the analyte bo-nd 
to o. The particles then bind to the analyte. Because the bound element 
particles wdl cause diffection of the visible light, a diffraction pattern is 
termed, mdicatmg the presence of the analyte in the liquid. 

FinaUy, in a preferred embodiment, the biosensor, the diffraction 
enhancing element particles and the medium containing the analyte may be 
admixed smiultaneously. This will result in a combination of the binding 
procedures discussed above. Some of the analytes will first bond with a 
diffraction enhancing element particle prior to bindmg to the substiBte. Other 
andytes moU first bind with the substrate and then bind with an element 
particle. When a point-light source is shown through the sensor, a diffraction 
pattern is formed, indicating the presence of the analyte in the Uquid 

The analytes that are contemplated as being detected using the present 
invention include, but are not limited to. bacteria; yeasts; &h^; Lses: 
rheumatoid factor; antibodies, including, but not limited to IgG. IgM IgA and 
IgE antibodies; carcinoembiyonic antigen; streptococcus Group A antigen- 
viral antigens; antigens associated with autoimmune disease; allergens- tumor 
antigens; streptococcus Group B antigen; HIV I or HIV H antigen- or host 
response (antibodies) to these and other viruses; antigens specific to RSV or 

^IrrT ^"^"""^"'^ ^ ^^^^"^ ^^y-^^-^ hormone; 

polysacchande; protem; lipid; carbohydrate; dnig or nucleic acid; Salmonella 
species; Candida species, including, but not limited to Candida albicans and 
Candida tropicalis; Salmonella species; Neisseria meningitides groups A B 
C, Y and W sub 135, Streptococcus pneumoniae, E. colt Kl, Haemophilus 
influenza type B; an antigen derived from microorganisms; a hapten, a drug 
of a^se; a therapeutic drag; an enviromnental agent; and antigens specific to 
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In another embodiment of the present invention, nutrients for a specific 
class of microorganisms can be incorporated into the antibody-binding 
protein layer. In this way, very low concentrations of microorganisms can be 
detected by first contacting the biosensor of the present invention with the 
nutrients incorporated therein and then incubating the biosensor under 
conditions appropriate for the growth of the bound microorganism. The 
microorganism is allowed to grow until there are enough organisms to form a 
diffiraction pattern. Of course, in some cases, the microorganism can multiply 
enough to form a diffraction pattern without the presence of a nutrient on the 
patterned monolayer. 

A part of the present invention is the method used to pattern receptors 
such as antibodies onto a polymer film or a metalized polymer fihn. The 
method entails microcontact printing proteins that bind to antibodies. These 
proteins can include, but are not limited to, Protein A, Protein G, Protein L, 
as well as their recombinant forms. Commercial versions, such as Zymed's 
(San Francisco, CA) KAPPALOCK™, are also suitable. Thus, the protem 
material is defined as the base material to create a specific binding pair, with 
the other part comprising an antibody specific to the analyte of interest. 

The receptor material that is bound to the patterned protein is 
characterized by an ability to specifically bind the analyte or analytes of 
interest. Whatever the selected analyte of interest is, the protein material is 
designed to bind specifically with the analyte of interest. In the preferred 
embodiments, the biosensing device is configured and arranged to provide a 
pattem detectable by eye in response to transmission of polychromatic light 
when the analyte of interest is sand\yiched between the antibody and a [ 
diffraction enhancing element. In another embodiment, where the analyte is 
large enough to diffract light, no diffraction enhancing element may be 
needed. 

In many instances, a "blocker" may be necessary to prevent non- 
specific binding. The term "blocker" as used herein means a reagent that 
adheres to the sensor surface so that it "blocks" or prevents non-analyte 
materials from non-specifically binding to the surface (either in the patterned 
of un-pattemed areas). The blocking step may be done as a post-treatment to 
a surface which has already been contact printed ("post-block"), and is the 
standard technique for filling in non-contact printed regions with another 
thiol. However, the inventors have discovered that a "pre-block" technique is 
preferred over the post-block technique. In the pre-block technique, the 
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surface of the substrate is pre-treated with a non-tMol containing blocker and 
then contact printed. No, wishing to be bound to any theory, it is theodzed 
that the conuct pnmed material (usually sulfiir containing) displaces the 
^ystsorbed blocker, thereby pemutting the antibody-binding '^,ei' 
to be bound drrecdy to the surface of the substrate. A subsequent post-block 

to Msem, albumms such as bovine serum albumin, plnronic or other 
smfactants, polyethylene glycol, polyvinyl alcohol, or sulfur derivatives of the 
above compounds, and any other blocking material known to those of 
oidmaiyskillintheart. 

■ ■ - Theniatrixcontainingtheanalyteofinteiestmav beas-i;-^ a "- - . 
bodtly ftaid such as an interstitial flmd, mucous, saliva, urine feal ^ 
tissue, manw, ce»=bnU spinal fluid, seram. plasma, whole blood, synovial 
sputum buffered solutions, extiacted sohtions. semen, vaginal sj^^ 
pencardial, gastric, peritoheal, pleund, a throa, swab or other washes and U,e 
lAe. The analyte of mteres, may be an antigen, an antibody, an enzyme a 
toxm, an env^omnental agent, a cytoplasm component, piB «■ Leila 
component protem, polysaccharide, drug, or any other material that is 

fa bactena may specrfically bind a surface membrane component, pmtein or 
lipid, a polysacchande, a nucleic acid, or an enzyme. The analyte which is 
mctove of the bacteria may be a saccharide or polysaccharide,! enzyme, 

Utl- "It • '"""P""^"'- " «™sHoside or an antibody 

p.oduc^ oy the host u-. respo.-,se to the bacteria. The presence of the analyt^ 

othermedtcaldrsorder or condition. The presence of die analyte may an 
mdication of water or food contamination or other hamtful materiai The 
analyte may mdicate dmg abuse or may monitor levels of flKiapeutic agents 
In some cases, the analyte may not simply bind die receptor material 
bu, may canse a detectable modification of tite receptor material to occur' 
This mteraction could cause an increase in mass a, the test surface or a 
decree m d,e „ of .eceptor material on flie test surftce. An example 
of the latter ,s the mteraction of a degradative enzyme or material with a 
^.fic, unmobilized substrate. In tins case, one would see a diffiacd™ 
pattern before mteraction with the analyte of interest, but the diffiaction 

tiirough which bmdmg, hybridization, or interaction of ti,e»aly,e witi, th" 

10 
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receptor material occurs is not important to this invention, but may impact 
the reaction conditions used in the final assay protocol. 

In general, the antibody-binding protein may be passively adhered to 
the substrate layer. If required, functional groups may be conjugated onto 
the antibody-binding protein to allow its covalent attachment onto the test 
surface. 

A wide range of techniques can be used to apply the protein material 
to the substrate. Test surfaces may be coated with antibody-binding protein 
by application of solution in discrete arrays or patterns; spraying, ink jet, or 
other imprinting methods; or by contact printing. The technique selected 
should minim thq >amount of protein material required, for coating a Wge 
number of test surfaces and maintain the stability/functionality of protein 
material during application. The technique must also apply or adhere the 
protein material to the substrate in a very uniform and reproducible fashion. 

The next step would comprise exposing the patterned surface to the 
antibody specific for the desired analyte. This could be done by total 
immersion in a solution for a predetermined period of time, spraying, or spin 
coating. In addition, controlled placement of various antibodies could lead to 
a multi-analyte system. Another advantage to this process is the modular 
format for production. In other words, one system with pattemed antibody- 
binding protein can be optimized and then provide detection of a wide variety 
of analytes, depending on the antibody bound. 

The medium in which the analyte may reside can be solid, gel-like, 
liquid or gas. For purposes of detecting an.analyte in a body-fluid, the-fluid is > 
selected from, but not limited to, urine, serum, plasma, spinal fluid, sputum,*?^ 
whole blood, saliva, uro-genital secretions, fecal extracts, pericardial, gastric, 
peritoneal, pleural washes, vaginal secretions, or a throat swab; and the 
method optionally includes using a spectrophotometer to measure the 
appearance of the refractive pattern. The most common gas that is 
contemplated as being used with the biosensing device of the present 
invention is air. 

The biosensing device of the present invention utilizes methods of 
contact printing of pattemed, antibody-binding proteins on substrates, 
desirably metalized polymer films, the subsequent exposure to antibody to 
achieve pattemed antibody, the compositions produced thereby, and the use 
of these compositions. Pattemed antibody-binding protein layers allow for 
the controlled placement of antibodies thereon which can bind an anal5rte. 

11 
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The term "patterned antibody-binding protein lav^-rc" . a u ■ - 

high surface .ension fluid such as C^l^^rl' 

conditions in wl^ch I ' '"'^^ 

When li^h. i. I 'causes a change in the refractive index 

wnen light is transmitted throueh the film with .i,. „ ^ ' 

men the analyte is present m the liquid ^acrvca, 

is conslrf ' ""^'"^ P"^^"^ - -^"Itiple analyte test 

IS constoicted on the same support. As shown in Figure l a strin 10 J 

provided with several micro^ontact printed fihns 20, 25^30 aid 35 eL 1^ 
havmg a pattern 40 printed thereon Each of th. ' 
metalized fihns 15 20 25 anH^V .1 nucro-contact printed 

H^*f * , ' ' ^ ^ different antibody that is soecifir fnr 

on a hard surface or container waU. Tl* biosensor can be pla«d oT^ 
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inside surface of a container such as a food package or a glass vial. The 
biosensor can then be visualized to determine the presence of analyte. 

Typically, a gold fibn, 5 to 2000 nm thick, is supported on a 
titanium-primed polyethylene-terephthalate film, Si/Si02 wafer or glass sheet. 

The titanium serves as an adhesion promoter between gold and the support. 
The antibody-binding protein attaches to the gold surface during contact 
printing. 

Figure 2 outlines the procedure used for microcontact printing. An 
elastomeric stamp is used to transfer antibody-binding protein "ink" to a 
surface by contact; if the stamp is patterned, a patterned antibody-binding 
protein layer forms. Th^ stamp is fabricated by casting polydimethylsiloxane 
(PDMS) on a master having the desired pattern. Masters are prepared using 
standard photolithographic techniques, or constructed from existing materials 
having microscale surface features. 

In a preferred embodiment of a typical experimental procedure, a 
photolithographically produced master is placed in a glass or plastic Petri dish, 
and a 10:1 ratio (w:w) mixture of SYLGARD® silicone elastomer 184 and 
SYLGARD® sihcone elastomer 184 curing agent (Dow Coming 
Corporation) is poured over it. The elastomer is allowed to sit for 
approximately 30 minutes at room temperature and reduced pressure to 
degas, then cured for at least 4 hours at 60°C, and gently peeled from the 
master. "Inking" of the elastomeric stamp is accomplished by exposing the 
stamp to a 0.1 to 10 /xM aqueous solution of disulfide-derivatized antibody- 
. binding protein typically by placing the stamp face down in the solution fpr^ 
10 seconds to 10 minutes. The stamp is allowed to dry, either under ambieht| 
conditions, or typically by exposure to a stream of air or nitrogen gas. 
Following inking, the stamp is applied to a gold surface. Light pressure is 
used to ensure complete contact between the stamp and the surface. After 1 
second to 5 minutes, the stamp is then gently peeled from the surface. 
Following removal of the stamp, the surface is rinsed and dried. 
Alternatively, further derivatization of unstamped areas can be accomplished, 
either by using a second stamp or by exposing the entire surface with a 
different reagent. Subsequently, exposure to a protein-blocking agent, such 
as BSA or p-casein, or any other agent well known in the art, can also be 
done. After the pattem is positioned, the patterned surface would be exposed 
to an antibody specific for the desired analyte either by immersion in a 
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solution or by sp«yi„g or spin coating .he soluti™, onto ti,e patterned 

elastomeric character of the stamp is important to tiie success of 
process. Polydimethylsiloxane (PDMS), when cuted, is^^,^ 
elastomenc to allow good confonnal contact of the stmmVl.T^ 
even for surfaces with significant reU^-, a,, .ont^ ^^LL t T^l 
contact transfer of tiie protein to the sold film tT , 
PnM«,~.i • H'oiein to tne gold film. The elastomeric propeities of 
PDMS are also miportant when the stamp is removed from the laVtf ,h, 

™ r» : 

several months wtdiout significant degradation in perfommnce ^e 
polymenc nature of PDMS also plays a critical role in the inlT^^Ld^ 
by enabhng the stamp to absorb the pmtein ink by swelling ' 
A more detaUed description of die mefliods and compositions of the 

~(ea,y,enepolyn«,.)polyeti,y,ene:^^^^^ copo ym^s^Z 
^er suitable themioplastics and suppUers may be found for examnle in 
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desired embodiment of the present invention, the polymer fihn has at least an 
approximately 80% optical transparency, and the thickness of the metal 
coating is such as to maintain an optical transparency greater than about 
20%, so that diffraction patterns can be produced by either reflected or 
transmitted light. This corresponds to a metal coating thickness of about 10 
nm. However, in other embodiments of the invention, the gold thickness 
may be between approximately 1 nm and 1000 nm. 

The preferred metal for deposition on the film is gold. However, silver, 
aluminum, chromium, copper, iron, zirconium, platinum and nickel, as well as 
oxides of these metals, may be used. 

^ -In principle, any surface with, corrugations of appropriate size could be 
used as masters. The process of microcontact printing starts with an 
appropriate relief structure, from which an elastomeric stamp is cast. This 
'master' template may be generated photolithographically, or by other 
procedures, such as commercially available diffraction gratings. In one 
embodiment, the stamp may be made from polydimethylsiloxane. 

In another embodiment, the invention features an optical assay device, 
having an optically active receptive surface configured and arranged to 
allow simultaneous assay of a plurality of samples on the surface for one 
analyte of interest, and an automated liquid handling apparatus (e.g., a 
pipetting device) configured and arranged to dispense sample and reagent 
solutions to the surface. 

Below is provided an indication of the methodology by which the 
optimal pfiatenals . and ^methods useful for conr:truction of optical test surfaces ^ 
of this invention can be made. Generally, the present invention includes^ 
novel optically active test surfaces for the direct detection of an analyte." 
These test surfaces have an analyte-specific antibody bound to the test surface 
by use of an attachment layer - namely the antibody-binding proteins. Thus, 
the present invention provides a detection device which includes selecting an 
optical substrate, patterning it with antibody-binding protein, and then 
exposing this to the antibody for the desired analyte. The detection method 
involves contacting this device with a sample fluid containing the analyte 
of interest, and then examining the change in diffraction of transmitted or 
reflected light by observing whether a diffraction pattern is formed. 

The present invention has a broad range of applications and may 
be utilized in a variety of specific binding pair assay methods. For example, 
the devices of this invention can be used in immunoassay methods for either 
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X-P-Ab 

oxide. ''LTZlle Tr T"""'"" .0 a memi or n»«l 

wiAx"" IT"'"'' *\™'»»<'y-''™'«n8 P«>teins which may be derivatized 
with X^Ab represents the antibody specific to the desi«dan^«e 

the tnetehzed themoplastic polymer with the antibody-binding ptotein lavT 

exposure to the antibody. » if none pnor to 

ate not^h"'™"!! '^'^ '""'"^ ^"0^8 ^'««>Ples, which 

*«eof. On the conHary, it is to be clearly mtderstood that Lort L^l 
had to vanous otiter embodiments, modifications, and equivJIS SL^ 

*Uled m the art without departing fiom the spirit of the present mvention 
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EXAMPLES 
EXAMPLE 1 

Antibody-conjugated polystyrene particles were produced by 
carbodiimide coupling with ethyldimethylaminodicarbodiimide (EDAC, botde 
No. 3 of Polysciences kit, Catalog No. 19539). For this example, 0.125 mL 
of a 10% suspension of 0.5 micron diameter blue carboxylated particles 
(Bangs Laboratories; Fishers, Indiana; Cat #D0005070CB) were activated 
with an aqueous solution of the EDAC for 1-4 hours, rinsed, then exposed to 
300 micrograms of a monoclonal antibody to luteinizing hormone, alpha 
..subunit, (Fitzgerald Industries, Cat. No. 10-LlO, Clone No. M94136), The 
particles were again rinsed, blocked with bovine seram albumin, and stored at 
2.5% concentration in phosphate buffered saline. 

A 10 mM aqueous stock solution of Sulfo-LC-SPDP (Pierce Chemical 
Co.; Rockford, IL) was prepared by dissolving 1.3 mg Sulfo-LC-SPDP into 
2.07 mL de-ionized water. The conjugation reaction was carried out in 
phosphate buffered saline (PBS) containing 20 mM sodium phosphate buffer, 
150 mM NaCl, 1 mM EDTA, and 0.02% sodium azide at pH 7.5, One 
milligram of lyophilized Protein A or Protein G was dissolved in 450 
microliters PBS, and 50 microliters of Sulfo-LC-SPDP stock solution was 
added to the antibody solution. The mixture was allowed to react at room 
temperature for 60 minutes. The sample was applied to a 5-mL desalting 
polyacrylamide colunm previously equilibrated with 5 bed volumes (25 mL) 
of. PBS. Fractions were eluted. using. PBS /as ^ the elution buffer, and the 
protein in the fractions was monitored using a COOMASSIE® Plus Protefn 
Assay (Pierce Chemical Co.). Typically, 50 /iL of the COOMASSIE® 
reagent was mixed with 50 juL of each fraction in a micro-titer plate. The 
COOMASSIE® reagent reacted with the protein, producing a blue color, the 
intoisity of which was dependent upon the amount of protein present in the 
fraction. The fractions which produced the most intense blue color were 
those containing the majority of the protein eluted. These fractions were 
pooled together as the disulfide form of the final derivatized product. This 
was typically the fojm used for contact printing. 

Optionally, the disulfide-pyridyl group present on the disulfide form of 
the thiolated binder can be reduced to a thiol group in a reduction reaction. 
Instead of desalting on a column equilibrated with PBS, the derivatized 
protein was desalted on a column equilibrated with an acetate buffer (lOOmM ■ 
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»dium acetate buffer, 100 mMNaCLpH 4.5). The acidic pH of this acetate 
buffer acts to protect any disulfide bonds present on the native pa^TC 

IS dissolved m 500 mL acetate buffer and added to 1 mL of the SPDP 
denvatized protein. The reaction mixture was incubated for 30 ZZsl 
temperature, and desalted on a 5 mL desalting colun^ e^^ 

ftactions ehited was again monitored by the COOMASSIE* Protein Assav 
.^.gent asdeschbed above, and the flections containing the gr^°rat^„« 
of protein were pooled for subsequent contact printing 

«™.H*°* "^"'^ °f 'he thiolated bindeni were 

stored m aqueous solution at 4 'C until used for contact printing 

A goldMYLAR* film was pre-treated (or blocked) witi, a 5 mg/mL 
beta casern solution for 10 minutes, tiien tiioroughly rinsed and JJZ^^ 

To^H P ' r^'" ""^^ "^-P fece down in aTs m^^ 
Mated Protem A (or Protein G) solution and soaking for 10 minmT^ 
^ng ajr stream was used to thoroughly dry the surfL of ti^^' 
«.a.ed smn^is placed in contact wid, fte gold*lYLAR» for 5 to 
™. TTie resulting printed gold/MYl^« was rinsed m dSTw^ 

PBS »lution o monoclonal antibody to luteinizing honnone-beta, C=Log 
Cr.' I' A^'^ NO..M94187. Fitzgerald Industiies h,temati<mal In^ 
Co„cord,MA)for30mtautes.foUowedbyrinsi„g,a„dair-diying 

The sensor ^le was exposed to a 2 ug/mL aqueous solution (with 

labded) by placmg a droplet of the solution on top of tiie sensor surface for 
30-60 minutes at room tempentture. Tie sample was rinsed wiftO 02% 
Tween 20 solution, tiien distilled water. A suZ^en, exposureTa S 

^^^,1": " " of Kiricegaard^ 

Perry Laboratones' reagents Cat No. 50-76-18 and Cat No. 50.77-01) T 

caused tiie development of a blue precipitate in the dreles or features as ^ 
as a diffiaction miage to form upon madiation witi, a pofat hght ^ 

example) is mixed witi, microparticles (typicaUy 50-70 microliteis of analyte 



wo 00/36416 



PCT/US99/27727 



solution with 10-20 microliters of 1.5-2.5% antibody-conjugated particle 
suspension), and placed on top of the sensor (typically a 1 cm square sensor 
sample is used). After 5-10 minutes, a nitrocellulose disk (5 or 8 micron pore 
size, Sigma No. N3771 or N4146) with a small hole punched out of the 
center is placed on top of the sensor. This acts to wick away excess fluid and 
unbound mdcroparticles. At that time, a point light source is transmitted 
through the sensor sample (using the smaD hole in the nitrocellulose). If the 
analyte was present, then a diffraction image is seen on the other side of the 
light beanL 

^EXAMPLE? 

Antibody-conjugated polystyrene particles were produced by 
carbodiimide coupling with ethyldimethylaminodicarbodiimide (ED AC, bottle 
No. 3 of Polysciences kit, Catalog No. 19539). For this example, 0.125 mL 
of a 10% suspension of 0.5 micron diameter blue carboxylated particles 
(Bangs Laboratories; Fishers, Indiana; Cat. No. D0005070CB) were activated 
with an aqueous solution of the ED AC for 1-4 hours, rinsed, then exposed to 
300 micrograms of a polyclonal antibody to IgE (such as chicken anti-IgE in 
order to be unreactive to the pattemed Protein A). The particles were again 
rinsed, blocked with bovine seram albumin, and stored at 2.5% concentration 
in phosphate buffered saline. 

A 10 mM aqueous stock solution of Sulfo-LC-SPDP (Pierce Chemical 
Co.; Rockford, IL) was prepared by dissolving 1.3 mg Sulfo-LC-SPDP into 
2.07 ml., de-ionized water. The conjugation reaction was carried out in ? 
phosphate buffered saline (PBS) containing 20 niM sodiuna phosphate buffer,^ 
150 mM NaCl, 1 mM EDTA, and 0.02% sodium azide at pH 7.5. One 
milligram of lyophilized Protein A was dissolved in 450 microliters PBS, and 
50 microliters of Sulfo-LC-SPDP stock solution was added to the antibody 
solution. The mixture was allowed to react at room temperature for 60 
minutes. The sample was applied to a 5-mL desalting polyacrylamide column 
previously equilibrated with 5 bed volumes (25 mL) of PBS. Fractions were 
eluted using PBS as the elution buffer, zuid the protein in the fractions were 
monitored using a COOMASSIE® Plus Protein Assay (Pierce Chemical Co.). 
Typically, 50 /tL of the COOMASSffi® reagent was mixed with 50 /iL of 
each fraction in a micro-titer plate. The COOMASSIE® reagent reacted with 
the protein, producing a blue color, the intensity of which was dependent 
upon the amount of protein present in the fraction. The fractions which 

19 



wo 00/36416 



PCT/US99/27727 



produced the most intense blue color were those contaimng the majority of 
fte protem eluted. TT,ese fractions we,, pooled «>gether as L disZrf^ 

prinui ^ " *^ 

the thiSlT^'"; ™« g^o-P present on the disulfide fom, of 

instead of desaltmg on a column equilibrated with PBS, the derivatiEed 
P«tem was desalted on a column equilibrated with an aoeta, buff^S 
^*uma«tate buffer. 100 mM NaCl, pH 4.5). TT,e acidic pH oT^s^ 
buffer acts to protect any disulfide bonds present on the native prcTteinl^ 
undented .eduction. In flte reduction action, 12 mo „f Hi,N«S ^ 
was dissolved in 500 mL acetate buffer and addedto 1 mL of ti,;' SPDP 
denvatized r^. Tie reaction mixtiire was incubated for 30 ^ut^ at 

™th 5 bed vohimes (25 mL) of acetate buffer. The protein content of die 
fractions eluted was again monitored by die COOmSSIE» Proteta aZ 
regent as de^ribed above, and the fiactions containing the gt^Zra,!™^ 
of protein were pooled for subsequent contact printing ' 
Both die disulfide and reduced foims of the thiolated binders were 

r Trt:"'""."" »^ printing. 

beta .^""^^f a™ P'^« (or blocked) wfth a 5 mg/mL 
beu casern solution for 10 minutes, then thoroughly tinsed and dried mto 

ITT". ^ '•^P °' '•^■^"0° was coated w^to£ 

Violated ftotem A solution and soaking for 10 minutes. A strong air^ 
was used to thoroughly diyUie surface of die stamp. The coated s^^ 
plac^m contact with flie goldWYLAR* for 5 minutes, then remo^ST Z 

.«uItingp™,tedg„IdmXAR%asri„sedindistilledwater,andrf 

The analyte solution (typicafly 50-70 microliters at 2 Ms/mL PB.S 
«.lution of IgE (Catalog No. 30.AI05, Fitzgerald Industries Inten^ti^ Z 
Conconl, MA) is placed on top of tiie sensor (^caUy a 1 cm sa^U^ri 
20 minutes, foUowed by 10-20 microUtet. of 15-2.5% IS^^-^ u!:.^ 
P«de suspension for an additional 5-20 minutes. A ni.roc«lireZ 5 ^ 

ouToXri ^' t"^, ''*"^> hole punched 

out of fte center is then placed on top of die sensor. Tlis acts m wick awav 
excess fluid and unbound microparticles. At that time, a point liT^u^ ' 
tiansmitted tiirough die sensor sample (using the Ll rtiie 
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nitrocellulose). If the analyte was present, then a diffraction image is seen on 
the other side of the light beam, as illustrated. 
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We claim: 

1. A biosensor comprising: 
a polymer film; and 

an antibody-binding protein layer printed in a pattem onto the polymer 

^-^^ - ~y t^er^r 

laveris^rin.I!'' '''^''"''''"^^^'^ ^' ^""^'^ antibody-binding protein 
layer is pnnted ma pattern such that when the biosensor binds the LyT 
the biosensor diffracts tnmsmitted light to form a diffraction pattern 

visibietithru::^^:;:^ °' — p-- ^ 

compriles ^' " ^^^-r film fuither 

5 The biosensor of Claim 4, wherein the metal is selected fi«m 

6. The biosensor of Claim 4, wherein the metal is goU. 

7. Hie biosensor of Claim 6, wherein the gold coatins is between 
approxmiately 1 nanometer and 1000 nanometers in LkneL 

8 The biosensor of Claim 1, whetein the polymer film is selected 
from p^lyethylene-tereph^^ 

methyl aco-late copolymer, cellophane. ceBulosic polyme,. ucrr^v, 
ceWose, ceUulose acetate, <«Uulose acetate butyrate, ceUtdoi ^ol !^ 

Z^^T'- """^ ^'y^y'--' Po.ye%ir~ 

acetate copolymers, .onomei. (efl,ylene polymets) . polyethylene-nvlm 

z^:^ziT'-- ~ ^ 
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9. The biosensor of Claim 8, wherein the polymer film is 
polyethylene-terephthalate. 

10. The biosensor of Claim 1, wherein the polymer film is optically 
transparent. 

11. The biosensor of Claim 1, wherein the polymer film has an 
optical transparency between 5% and 95%. 

12. The biosensor of Claim 1, wherein the polymer film has an 

optical transparency between approximately — 

13. The biosensor of Qaim 1, wherein the antibody-binding protein 
layer is formed fi:om compounds with the following general formula: 

X-^P-Ab 

wherein: 

X is reactive with the metal or metal oxide on the polymer fihn; 
P is an antibody-binding protein; and 
Ab is an antibody specific to a desired analyte. 

14. The biosensor of Claim 13, wherein: 

X is a asymmetrical or s>imnetricai disulfide (-SSY\ -SSY), sulfide (-^ 
•SY^ SY), diselenide (-'Se-SeY'), selenide (-SeY\ -SeY), tiiiol (-SH), nitrile 1 
CN), isonitrile, nitro (-N02), selenol (-SeH), trivalent phosphorous' 

compounds, isothiocyanate, xanthate, thiocarbamate, phosphine, thioacid or 
dithioacid, carboxylic acids, hydroxylic acids, and hydroxamic acids. 
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h»... The biosensor of Claim I, wherein the analyte is selected fh,n. 
»„h^h'' ^"^-.^"^l' rheumatoid factor, IgG, IgM. IgA and IgE 
antibodies, carcinoembryonic antigen, streptococcus Gmup A antigen vM 
anagens, antigens associated with autoimmune disease, allerge.;, wmor 
antigens, streptococcus Group B antigen, HIV I or HIV D antigen, antibodies 

Zr '° "^^^ ™' '«'™o»e. polysaccharide." 

F«p.d, cartK-hydtate, drug, nucleic acid, Neisseria n^ninsLs gtoup 

A, B, C Y and W sub 135, S,repu,coccus pneumoniae, E. Jli Kl 
Haemophdus irfiuenza type B. an antigen derived from microorganisms a 
hapten, a drug of abuse, a thet^peudc dmg, an envimmnental agenTor 
sjitigens specific to hepatitis. 'igcni, or 

fungus'^'viru?'~''^^^ wherein the analyte is b^teria, yeast, 
specie^^ °^ "^^''^^ ^"Sus is Candida 



18. 
species. 



The biosensor of Claim 16, wherein the bacteria is Salmonella 



The biosensor of Claim 1. wherein the protein material is 
from Protein A, Protein G. Protein L, or a recombinant fon^ 

of antihL °f ^ biosensor comprising printing a patten. 

Sl^^^^ "^"""^ ' '"''"^"""^ ^"^^^ antibody on the 



21. The method of Claim 20, wherein the antibody-binding protein 

Z7Z T!?"^ ^ ' ^""'"^ '"'^ ^^^^^^^^^ binds an analyte, the 

biosensor diffracts transmitted light to fonn a diffraction pattern. 

22. The method of Claim 20, wherein the polymer film further 
composes a metal coating. ^uiuicr 
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23. The method of Claim 22, wherein the metal is selected from 
gold, silver, chromium, nickel, platinum, aluminum, iron, copper, zirconium, 
or oxides thereof. 

24. The method of Claim 22, wherein the metal is gold. 

25. The method of Claim 24, wherein the gold coating is between 
approximately 1 nanometer and 1000 nanometers in thickness. 

26. The method of Claim 20, wherein the polymer film is selected 
from pojyethylene-terephthalate, acrylonitrile-butadiene-styrene,^ acrylonitfi^^^^ 
methyl acrylate copolymer, cellophane, cellulosic polymers such as ethyl 
cellulose, cellulose acetate, cellulose acetate butyrate, cellulose propionate, 
cellulose triacetate, cellulose triacetate, polyethylene, polyethylene - vinyl 
acetate copolymers, ionomers (ethylene polymers) polyethylene-nylon 
copolymers, polypropylene, methyl pentene polymers, polyvinyl fluoride, or 
aromatic polysulfones. 

27. The method of Claim 26, wherein the polymer film is 
polyethylene-terephthalate. 

28. The method of Claim 20, wherein the polymer film is optically 
transparent. 

29. The method of Claim 28, wherein the polymer fUm has an 
optical transparency between 5% and 95%. 

30. The method of Claim 28, wherein the polymer film has an 
optical transparency between approximately 20% and 80%. 
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laver is'Le^f antibody-binding protein 

layer is formed from compounds with the foUowing genera] fomiula: 

X-P-Ab 

wherein: 

X is reactive with the metal or metal oxide on the polymer fflm- 
P IS an antibody-binding protein; and 
Ab is an mitibody specific to a desired analyte. 

32. The method ofClaim 31, wherein: 
•SY- 7™^,^^^ symmetrical disulfide (-SSY', -SSY), sulfide (- 

cm ^' t'f ""^ (-'Se-SeY'), selenide (-SeY', -SeY). thiol (-SH) nitrile - 
CN), isonitnle, mtro (-N02), selenol (-SeH), tiivalent' phosphorous 
compounds, isothiocyanate. xanthate, thiocarbamate, phosphine, thioacid or 
dithioacid, carboxyhc acids, hydroxylic adds, and hydroxanric aciis. 

h... '^""'"'^^'^ 20, wherein the analyte is selected from 

antibodies, carcinoembiyomc antigen, streptococcus Group A antigen, viS 
antigens, antigens associated with autoimmune disease, allergens, tumor 
antigens, streptococcus Group B antigen, HIV I or HIV fl antigen, antibodies 
viruses, antigens specific to RSV, antigen, enzyme, hormone, polysaccharide' 
p^otem, lipid, carbohydr^e, dmg., nucleic acid, Neisseria .eni^smes^ 
A, B. C, Y and W sub 135, Streptococcus pneumoniae, E. colt Kl 

ta^a r "^rr ""^ ^^ ^ ^^^^^^ microorganisms, I 

hapten, a drug of abuse, a therapeutic drug, an environmental agent, or 
antigens specific to hepatitis. ^ ^ 

35. TTie method of Claim 20, wherein the protein material is selected 
from Protem A, Protein G, Protein L, or a recombmant fonn thereof. 
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36. A method of detecting an analyte in a medium comprising; 
contacting the medium suspected of containing the analyte with a 

biosensing device, the biosensing device comprising: 

a polymer film; and 
an antibody-binding protein layer printed in a pattern onto the polymer film 
wherein the antibody-binding protein layer has a protein material thereon that 
is specific for the analyte; and 

transmitting a light through the polymer film; and 

detecting presence of the analyte bound to the protein niaterial by 
detecting a pattem form by diffraction of the transmitted light. 

37. The method of Claim 36, wherein the diffraction pattem is 
visible with an unaided eye. 

38. The method of Claim 36, wherein the polymer film further 
comprises a metal coating. 

39. The method of Claim 38, wherein the metal is gold. 

40. A biosensor comprising: 
a polymer film; and 

an antibody-binding protein layer printed in a pattem onto the polymer 
film wherein the antibody-binding protein layer is capable of acting as a 

receptor for. an analyte. - . , .... 

*' ' ' '\ 

41. The biosensor of Claim 40, wherein the antibody-binding protein 
layer is printed in a pattem such that when the biosensor binds the analyte, 
the biosensor diffracts transmitted light to form a diffraction pattem. 

42. The biosensor of Claim 41, wherein the diffraction patt^ is 
visible with an unaided eye. 

43. The bionsensor of Claim 40, wherein the polymer film further 
comprises a metal coating. 
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«oM ■ °^ "-^"^ is s'l«=««l from 

45. The biosensor of Claim 43, wherein the metal is gold. 

46. The biosensor of Claim 45, wherein the gold coating is between 
approxmiately 1 nanometer and 1000 nanometers in thickner 

47. The biosensor of Claim 40, wherein the polymer fihn is selected 
from «lene-terephthalate, ac»^^^^ 

ceUu lose, ceUulose acetate, ceUulose acetate butyrate, ceUulose propionat^ 
ceMose ^acetate, cellulose triacetate, polyethylene, polyethyIe"y,' 
acetate copolymers, ionomers (ethylene polymers) ix,lyeAylene-nXn 

Polyeth'^ne-^p^^^^^^ ^^^^ P°^-er film is 

transpe^^nt. °' ''''^ " '''' ^'^"^'^ ^ ^ ^P^^^y 

nr^f^Jt. "^^ Wosensor of Claim 40, wherein the polymer film has an 
optical transparency between 5% and 95%. r iid^ an 

51. The biosensor of Claim 40. wherein the polymer film has an 
optical transparency between approximately 20% and 80%. 
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52. The biosensor of Claim 40, wherein the antibody-binding protein 
layer is formed from compounds with the following general formula: 

X-P 

wherein: 

X is reactive with the metal or metal oxide on the polymer film; 
P is an antibody-binding protein; arid 

53. The biosensor of Claim 52, wherein: 

. X is a asymmetrical or syinmetrical disulfide (-SSY, -SSY), sulfide (- 
'SY\ SY), diselenide (-'Se-SeYO, selenide (-SeY\ -SeY), thiol (-SH), nitrile (- 
CN), isonitrile, nitro (-N02), selenol (-SeH), trivalent phosphorous 

compounds, isothiocyanate, xanthate, thiocarbamate, phosphine, thioacid or 
dithioacid, carboxylic acids, hydroxylic acids, and hydroxamic acids. 

54. The biosensor of Claim 40, wherein the analyte is selected from 
antibodies such as IgG, IgM, IgA and IgE. 

55. The biosensor of Claim 40, wherein the protein material is 
selected from Protein A, Protein G, Protein L, or a recombinant form 
thereof. 

56. The biosensor of Claim 40, further comprising a diffraction 
enhancing element, wherein the diffraction enhancing element includes an 
antibody that is capable of binding to the analyte. 
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